Abstract. The modern environment of mobile, pervasive, evolving services presents a great challenge to traditional solutions for enabling interoperability. Automated solutions appear to be the only way to achieve interoperability with the needed level of flexibility and scalability. While necessary, the techniques used to determine compatibility, as a precursor to interaction, come at a substantial computational cost, especially when checks are performed between systems in unrelated domains. To overcome this, we apply machine learning to extract high-level functionality information through text categorisation of a system's interface description. This categorisation allows us to restrict the scope of compatibility checks, giving an overall performance gain when conducting matchmaking between systems. We have evaluated our approach on a corpus of web service descriptions, where even with moderate categorisation accuracy, a substantial performance benefit can be found. This in turn improves the applicability of our overall approach for achieving interoperability in the Connect project.
Introduction
The modern environment of mobile, pervasive, evolving services presents a great challenge to traditional solutions for enabling interoperability. The scale of complexity and heterogeneity of such devices and services, which adhere to many different standards and platforms, greatly increases the cost and difficulty of applying manual approaches. When mobility, dynamic availability, and the potential for evolution are additionally considered, the problem becomes insurmountable. Automatic approaches, termed emergent middleware, can overcome interoperability issues, provided that they are furnished with sufficient and relevant information, in a precise form, about the systems that should interact. This presents two sub-problems: how best to use the given information, and how to specify, extract, or discover such information. This paper addresses one case of the latter, namely, how to extract the high-level, abstract functionality information of a system, given only its detailed syntactic interface.
This high-level functionality, which we call an affordance, is expressed as a semantic concept from a domain ontology. Given such information we can efficiently check whether it is reasonable to attempt to make two systems interact. For example, there is little to be gained from attempting to overcome the differences between a system whose functionality is described as "Stock" and another whose functionality is described as "Weather". On the other hand there is no guarantee that two systems with the same affordance will be able to interact. To make a final assessment of compatibility, more in-depth analyses considering the interface and conversational protocol of the two systems are necessary. Avoiding such deep, time-consuming analyses motivates our use of affordances. When the affordances do not match, the detailed analyses can be omitted, providing an overall performance benefit for solving interoperability issues at runtime.
However, the requirement for affordance information places a burden on the system designer, and it is likely that legacy systems do not provide such detail. In this paper we describe an approach based on text categorisation, a machine learning technique that is able to categorise systems that have interface descriptions into affordances, based on the terms used in the interfaces. For example, an interface including many instances of the term "ticker" is likely to have the functionality corresponding to the "Stock" affordance. The assignment of affordances is thus completely automated and the full performance benefit of affordances can be reaped.
In Sections 2 and 3 we introduce the Connect project in which our work takes place, and outline the approach taken therein for discovering matching pairs of networked systems and synthesising mediators that enable the systems to communicate. In Section 4 we describe how text categorisation is applied to find each system's high-level functionality, and in Section 5 we show how this benefits the Discovery and Synthesis Enablers. Section 7 concludes.
Background
Our work takes place within the context of the Connect project 1 . The aim of the project is to overcome interoperability issues between protocols due to their heterogeneity at various levels by using an approach that dynamically generates the necessary interoperability solution that allows the systems to interact seamlessly. Connect hence promotes as a solution the dynamic synthesis of emergent Connectors via which systems communicate. The emergent Connectors are concrete system entities synthesised according to the behavioural semantics of protocols executed by the interacting parties at application and middleware layers. The synthesis process is based on a formal foundation for Connectors, which allows learning, reasoning about and adapting the interaction behaviour of networked systems at runtime.
